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METHOD AND APPARATUS OF
DETERMINING POSITION OF OBSTACLE,
AND PARKING ASSIST METHOD AND
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit under
35 U.S.C. §119(a) of Korean Patent Application No.
10-2013-0119674, filed on Oct. 8, 2013, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of determining a
position of an obstacle (hereinafter, referred to as an “obstacle
position determining method”), an apparatus of determining
a position of an obstacle (hereinafter, referred to as an
“obstacle postion determining apparatus™), a parking assist
method, and a parking assist system.

2. Description of the Prior Art

In general, a blind spot which cannot be confirmed with a
mirror or eyes generally exists when parking a vehicle, and it
is highly concerned that the vehicle suffers from a contact
accident due to an object which is present in the blind spot.

In order to alleviate such a problem, a conventional parking
assist system determines a position of an obstacle and informs
a driver of the position of the obstacle in which a plurality of
ultrasonic wave sensors are used in such a manner that signals
sent from the ultrasonic wave sensors are reflected from the
obstacle and the reflected signals are received by the ultra-
sonic wave sensors so as to determine the position of the
obstacle.

However, there is a limit in the conventional parking assist
system, a conventional obstacle position determination appa-
ratus, or the like in that when an obstacle is present in an area
where signal sending regions of the plurality of sensors over-
lap, all the reflected signals from respective sensors are
received which makes it difficult to determine a sensor, of
which the front region is positioned more closely to the
obstacle. Due to this limit, the driver may merely obtain
information in an alarm level which indicates that an obstacle
is present without recognizing the correct position of the
obstacle. Thus, the driver cannot obtain correct information
as to which direction the vehicle should be driven to in order
to avoid the obstacle.

SUMMARY OF THE INVENTION

In this background, an object of the present invention is to
provide an obstacle position determining apparatus and a
parking assist system in which, when an obstacle is posi-
tioned in an area where regions of sending signals emanating
from a plurality of sensors overlap, it is possible to more
correctly determine which sensor is positioned more closely
to the area where an obstacle is positioned.

In order to achieve the above-described objects, according
to an aspect of the present invention, there is provided an
obstacle position determination apparatus including: at least
two sensors configured to transmit signals at different posi-
tions and receive reflected signals when the transmitting sig-
nals are reflected from an obstacle; an propagation distance
calculation unit configured to calculate an propagation dis-
tance ofa direct signal which is sent from a first sensor which
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is one of the at least two sensors and received by the first
sensor, and an propagation distance of an indirect signal
which is sent from a second sensor which is different from the
first sensor among the two more sensors and received by the
first sensor; and position determining unit configured to
determine a position of the obstacle by comparing the propa-
gation distance of the direct signal and the propagation dis-
tance of the indirect signal based on a result calculated by the
propagation distance calculation unit.

According to another aspect of the present invention, there
is provided a parking assist system including: at least two
sensors configured to transmit signals at different positions
and to receive reflected signals when the transmitting signals
are reflected from an obstacle; an obstacle position determin-
ing unit configured to determine the position of the obstacle
by comparing an propagation distance of a direct signal
which is sent from a first sensor which is one of the at least two
sensors and received by the first sensor and an propagation
signal of an indirect signal which is sent from a second sensor
which is different from the first sensor among the at least two
sensors and received by the first sensor; and an obstacle
position display unit configured to divide a region where the
at least two sensors send signals into at least two areas and to
display an alarm indicating that the obstacle exists in an area
including the obstacle position determined by the obstacle
position determining unit among the at least two areas.

According to still another aspect of the present invention,
there is provided an obstacle position determining method
including: sending signals at different positions by at least
two sensors and when the signals are reflected from an
obstacle, receiving reflected signals by the at least two sen-
sors; calculating an propagation distance of a direct signal
which is sent from a first sensor which is one of the at least two
sensors and received by the first sensor, and an propagation
distance of an indirect signal which is sent from a second
sensor which is different from the first sensor among the at
least two sensors and received by the first sensor; and based
on results calculated in the calculating of the propagation
distances, determining the position of the obstacle by com-
paring the propagation distance of the direct signal and the
propagation distance of the indirect signal.

According to yet another aspect of the present invention,
there is provided a parking assist method including: sending
signals at different positions by at least two sensors and, when
the signals are reflected by an obstacle, receiving reflected
signals by the at least two sensors; determining a position of
the obstacle by comparing an propagation distance of a direct
signal which is sent by a first sensor which is one of the at least
two sensors and received by the first sensor, and an propaga-
tion distance of an indirect signal which is sent by a second
sensor which is different from the first sensor among the at
least two sensors and received by the first sensor; and dividing
a region where the at least two sensors send the signals into
two or more areas to determine the position of the obstacle,
and displaying an alarm indicating that the obstacle exists in
an area including the position of the obstacle which is deter-
mined in the determining of the position of the obstacle
among the at least two areas.

As described above, according to the present invention,
more correct information for a position of an obstacle may be
provided through a difference between propagation distances
of'a direct signal and an indirect signal received by sensors of
which the positions are different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more apparent from the following
detailed description taken in conjunction with the accompa-
nying drawings, in which:
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FIG. 1 is a view illustrating a method of determining an
obstacle position of a parking assist system according to a
prior art;

FIG. 2 is a view illustrating a problem of a conventional
parking assist system illustrated in FIG. 1;

FIG. 3 isablock diagram of an apparatus of determining an
obstacle position determination apparatus according to an
exemplary embodiment of the present invention;

FIG. 4 is a view illustrating an example in which a first
sensor receives a direct signal and an indirect signal in the
obstacle position determination apparatus according to the
exemplary embodiment of the present invention;

FIG. 5 illustrates an example in which a sensor ignores an
indirect signal when the sensor receives the indirect signal
sent from a sensor which is not adjacent therefrom;

FIG. 6 is a view illustrating an example of discriminating a
direct signal and an indirect signal by varying signal sending
timings of the sensors;

FIG. 7 is a view illustrating a result of determining an
obstacle position by a position determining unit when only a
direct signal is received by the first sensor;

FIGS. 8a and 85 are views illustrating a result of determin-
ing an obstacle position by the position determining unit
when a direct signal and an indirect signal are both received
by the first sensor;

FIG. 9 is a block diagram illustrating a parking assist
system according to another exemplary embodiment of the
present invention;

FIGS. 10a and 1056 are views illustrating an example in
which an obstacle position display unit of the parking assist
system of the exemplary embodiment of the present invention
displays an alarm when an obstacle exists in an areca where the
signal sending region of the first sensor and the signal sending
region of the second sensor overlap;

FIG. 11 is a flowchart illustrating a method of determining
an obstacle position by an apparatus of determining obstacle
position according to still another exemplary embodiment of
the present invention; and

FIG. 12 is a flowchart illustrating a parking assist method
by a parking assist system according to yet another exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Hereinafter, some exemplary embodiments of the present
invention will be described in detail with reference to illus-
trative drawings. In the description of the elements of the
present invention, terms “first”, “second”, “A”, “B”, “(a)”,
“(b)” and the like may be used. These terms are merely used
to distinguish one structural element from other structural
elements, and a property, an order, a sequence and the like of
a corresponding structural element are not limited by the
term. It should be noted that if it is described in the specifi-
cation that one component is “connected,” “coupled” or
“joined” to another component, a third component may be
“connected,” “coupled,” and “joined” between the first and
second components, although the first component may be
directly connected, coupled or joined to the second compo-
nent.

FIG. 1 is a view illustrating a method of determining an
obstacle position (hereinafter, referred to as an “obstacle
position determination position™) of a parking assist system
according to a prior art.

Referring to FIG. 1, a conventional parking assist system
sends signals through a plurality of sensors and receives
reflected signals through the plurality of sensors so as to
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determine a position of an obstacle. When a sensor 110
receives a reflected signal, the system determines that an
obstacle is positioned in front of the sensor 110 which sent the
reflected signal, and as illustrated in a right figure of FIG. 1,
provides an alarm indication that the obstacle exists in the
front region 120 of the sensor 110 so as to warn a driver of the
obstacle.

However, such a conventional parking assist system has a
problem in terms of accuracy when an obstacle exists in an
area where the signal sending regions of respective sensors
overlaps.

FIG. 2 is a view illustrating a problem of a conventional
parking assist system illustrated in FIG. 1.

Referring to FIG. 2, the conventional parking assist system
lacks accuracy in determining a position of an obstacle in
areas 214 and 216 where the signal sending regions of two
sensors 210 and 212 overlap.

For example, assuming that an obstacle exists in the areas
214 and 216 where the signal sending regions of the above-
mentioned two sensors 210 and 212 overlap, in an ideal case,
it is reasonable that when the obstacle exists in the area 214
adjacent to the left sensor 210, an alarm is turned on in the
area 214 including the front side of the left sensor 210 and
when the obstacle exists in the area 216 adjacent to the right
sensor 212, an alarm is turned on in the area 216 including the
front side of the right sensor 212.

However, in the areas 214 and 216 where the signal sending
regions of the above-mentioned two sensors 210 and 212
overlap, the reflected signals of the signals sent from the two
sensors 210 and 212 may be received by both of the sensors
210 and 212. Thus, it is difficult to determine the correct
position of the obstacle. Accordingly, the conventional sys-
tem has a problem in that alarms are indicated in both of the
front regions 220 and 230 of the two sensors 210 and 212 and
thus, the driver cannot determine the correct position of the
obstacle.

Thus, the present invention provides an apparatus of deter-
mining an obstacle position (hereinafter, referred to as an
“obstacle position determination apparatus™) and a parking
assist system which may determine a position of an obstacle
more correctly when signals sent from a plurality of sensors
arereflected by the obstacle and received by one sensor and an
operating method thereof.

FIG. 3 is ablock diagram of an apparatus of determining an
obstacle position determination apparatus 300 according to
an exemplary embodiment of the present invention.

Referring to FIG. 3, an obstacle position determination
apparatus 300 according to an exemplary embodiment of the
present invention may include: at least two sensors 310 con-
figured to transmit or send signals at different positions and
receive reflected signals when the transmitting signals are
reflected from an obstacle; an propagation distance calcula-
tion unit 320 configured to calculate an propagation distance
of'a direct signal which is sent from a first sensor which is one
of'the at least two sensors 310 and received by the first sensor
and an propagation distance of an indirect signal which is sent
from a second sensor which is different from the first sensor
among the two more sensors 310, and received by the first
sensor; and position determining unit 330 configured to com-
pare the propagation distance of the direct signal and the
propagation distance of the indirect signal based on a calcu-
lated result to determine a position of the obstacle.

The at least two sensors 310 send signals, respectively, and
when the signals are reflected by an obstacle, the at least two
sensors 310 receive the reflected signals.

When the signals are sent from the sensors and then the
reflected signals are received, the position of the obstacle is
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determined based on which sensors are the sensors that sent
the signals and the sensors that received the sensors.

Accordingly, in order to make a sensor that sends a
reflected signal and a sensor that receives the signal vary
depending on the position of the obstacle, the at least two
sensors 310 may send signals at different positions only in a
range of a predetermined solid angle with an intensity equal to
or higher than a predetermined level.

The above-mentioned, “intensity equal to or higher than a
predetermined level” technically refers to an intensity equal
to or higher than an intensity that allows a sent and reflected
signal to be received and observed.

The signals sent by the at least two sensors 310 are not
limited as long as they are capable of being propagated and
reflected.

For example, the signals sent from the at least two sensors
310 may be composed of ultrasonic wave signals and/or elec-
tromagnetic signals. However, when the electromagnetic sig-
nals are used, it is necessary to consider wave absorption by
the obstacle, interference with other noise such as sunlight,
etc. Thus, the ultrasonic wave signals are advantageous for
signal generation and measurement but the present invention
is not limited thereto.

As described above, when signals are received by the first
sensor which is one of the at least two sensors, an propagation
distance calculation unit 320 discriminates the signals into a
direct signal sent from the first sensor and an indirect signal
sent from the second sensor which is different from the first
sensor and calculates the propagation distances of the direct
signal and the indirect signal.

FIG. 4 is a view illustrating an example in which a first
sensor 412 receives a direct signal and an indirect signal in the
obstacle position determination apparatus according to the
exemplary embodiment of the present invention.

Referring to FIG. 4, the signals which may be received by
the first sensor 412 which is one of the plurality of sensors
may be discriminated into a direct signal sent from the first
sensor 412 and reflected by an obstacle, and an indirect signal
sent from the second sensor 416 which is different from the
first sensor 412 and reflected by the obstacle.

When the direct signal and the indirect signal are both
received by the first sensor 412 as illustrated in FIG. 4, the
obstacle is positioned in an area where the signal sending
region of the first sensor 412 and the signal sending region of
the second sensor 416 overlap. In such a case, it is necessary
to determine whether the obstacle is positioned more closely
to the front region of the first sensor 412 or the front region of
the second sensor 414.

The propagation distance of the direct signal and the propa-
gation signal of the indirect signal may be references for such
a determination, and the propagation distance calculation unit
320 calculates specific values thereof.

FIG. 4 illustrates only an example in which the first sensor
412 and the second sensor 414 are adjacent to each other.
However, the sensor that sends the indirect signal received by
the first sensor 412 may not be adjacent to the first sensor 412.
For example, when the reflected surfaces of the obstacle
reflecting the signals are irregular or formed in a predeter-
mined angle, the signal sent from the sensor 416 which is not
adjacent to the first sensor 412 may be reflected from the
obstacle and arrive at the first sensor 412. However, it is not
necessary to exchange indirect signals between the first sen-
sor 412 and the sensor 416 which is not adjacent to the first
sensor 412 due to a positional difference therebetween, and
when considering such a signal, it may rather cause a confu-
sion in determining the obstacle position.
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FIG. 5 illustrates an example in which a sensor ignores an
indirect signal when the sensor receives the indirect signal
sent from a sensor which is not adjacent therefrom.

Referring to FIG. 5, the second sensor sending an indirect
signal to the first sensor may be set as a sensor that sends a
signal at a position adjacent to the first sensor. In other words,
when the first sensor receives a signal, a signal sent from a
sensor which is not adjacent to the first sensor and reflected
may not be considered. Through this, each sensor may disre-
gard a signal reflected from an obstacle at a position regard-
less of its own signal sending region while receiving only a
signal from a sensor adjacent thereto.

For this purpose, specifically, the signal reception function
of each sensor may be temporally stopped at a timing where
a sensor which is not adjacent thereto sends a signal. In
another method, each sensor may be encoded to generate a
signal having a frequency which is different from that of any
other sensor and to read only the frequency of a signal sent
from a sensor adjacent thereto.

In order to calculate an propagation distance of a direct
signal and an propagation distance of an indirect signal, the
propagation distance calculation unit 320 should be capable
of discriminating which one is a direct signal or an indirect
signal among the received signals.

For this purpose, as illustrated in FIG. 3, the signal sending
timing of each of the at least two sensors 310 may set to be
different from those of other sensors so that the direct signal
and the indirect signal can be discriminated. This will be
described in more detail below with reference to drawings.

FIG. 6 is a view illustrating an example of discriminating a
direct signal and an indirect signal by varying signal sending
timings of the sensors.

Referring to FIG. 6, when a signal sending timing of the
first sensor (t,) and a signal sending timing of second sensor
(t,) are set to be different from each other, a timing where a
second signal sent from the second sensor and reflected (indi-
rect signal) is received by the first signal (t,) may be made to
be always later than a timing where a first reflected signal sent
from the first sensor and reflected (direct signal) is received
by the first sensor (t;). Through this, a first received signal
among the signals received by the first sensor may be deter-
mined as the direct signal and a later received signal may be
determined as the indirect signal. Then, the propagation dis-
tances of the direct signal and the indirect signal may be
calculated. Although FIG. 6 illustrates an example in which
the first signal reception timing of the (t;) is faster than the
second reflected signal reception timing (t,), the order may be
reversed.

In order to ensure reliability in discriminating the direct
signal and the indirect signal through the first reflected signal
reception timing (t;) and the second reflected signal reception
timing (t,), a time difference between the signal sending
timing of the first sensor (t, ) and the signal sending timing of
the second sensor (t,) may be set to be longer than a typical
time interval until a signal is received after it is sent in order
to prevent the order of the first reflected signal reception
timing (t;) and the second reflected signal reception timing
(t,) from being changed, or the signal sending timing of the
second sensor (t,) may be adjusted such that the signal of the
second sensor is sent after the first reflected signal is received
by the first sensor.

Discrimination of the direct signal and the indirect signal
may be achieved by differently setting at least one of a wave-
form, a frequency and a kind of a signal wave of a signal sent
by each sensor from sensor to sensor.

As an example, when the waveform of the signal sent from
each sensor is set to be different from those of the signals sent
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from other sensors and a sensor that receives a signal analyzes
the waveform of the received signal, it is possible to deter-
mine whether the received signal corresponds to the direct
signal or the indirect signal.

As another example, when the frequency of the signal sent
from each sensor is set to be different from those ofthe signals
sent from other sensors and a sensor receives a signal, of
which the frequency is different from the sending frequency
of the sensor, the signal may be determined as the indirect
signal.

As still another example, when different kinds of waves of
signals, such as an ultrasonic wave and an electromagnetic
wave are used, it is possible to determine which sensor each
signal emanates from. Of course, the above-mentioned meth-
ods may be combined to generate signals.

In addition, when a signal sending timing is different from
sensor to sensor, at least one of a waveform, a frequency, and
a kind of signal wave of the signal may be set differently
between sensors of which the signal sending timings are
adjacent to each other, in order to further enhance the reli-
ability in discriminating signals between the sensors of which
the signal sending timings are adjacent to each other.

When discrimination as to whether a received signal is the
direct signal or the indirect signal as described above is ter-
minated, the propagation distance calculation unit 320 calcu-
lates the propagation distances of the direct signal and the
indirect signal, i.e. the distances the signals have advanced
until they are received after they were sent and reflected.

For this purpose, the propagation distance calculation unit
320 may measure the intensities of the direct signal and the
indirect signal so as to calculate the propagation distance of
the direct signal and the propagation distance of the indirect
signal.

More specifically, in a state where the intensity of each
signal when it is sent is known in advance, it is possible to
calculate the propagation distance by comparing the intensity
of each signal with the intensity when it is reflected and
received.

The propagation distance calculation unit 320 may mea-
sure a time interval until the direct signal and the indirect
signal are received after being sent so as to calculate the
propagation distance of the direct signal and the propagation
distance of the indirect signal.

More specifically, in a state where the propagation speed of
a signal sent from each sensor is known, the propagation
distance of a received signal may be determined by measuring
a time interval until the signal is received after being sent.
With this method, since it is not necessary to consider a
reflection coefficient of a signal on a reflecting surface when
the signal is reflected from the obstacle unlike a case in which
the propagation distance is measured based on an intensity of
a received signal, the accuracy may be further enhanced.

After the propagation distances of the direct signal and the
indirect signal are calculated by the propagation distance
calculation unit 320, the position determining unit 330 may
determine the position of the obstacle by comparing the
propagation distance of the direct signal and the propagation
distance of the indirect signal based on the calculated propa-
gation distances.

In such a case, there may be various cases, one of which is
that the first sensor as one of the at least two sensors does not
receive any other indirect signal other than the direct signal
sent from first sensor.

FIG. 7 is a view illustrating a result of determining an
obstacle position by a position determining unit 330 when
only a direct signal is received by the first sensor 710.
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Referring to FIG. 7, the position determining unit 330 may
divide aregion where the at least two sensors 310 send signals
into two or more areas, and when a first sensor 710 does not
receive an indirect signal, the position determining unit 330
may determine that an obstacle is positioned in an area 712
including the front side of the first sensor 710 among the two
or more areas.

More specifically, when an optional first sensor 710
receives only a direct signal, it means that the obstacle does
not exist in an area to which other sensors send a signal. Thus,
it is assured that the obstacle is positioned most closely to the
front side of the first sensor 710. Accordingly, the position
determining unit 330 may determine that the obstacle is posi-
tioned within the area 712 including the front side of the first
sensor 710.

Another case is that both the direct signal and the indirect
signal are received.

FIGS. 8a and 85 are views illustrating a result of determin-
ing an obstacle position by the position determining unit 330
when a direct signal and an indirect signal are both received
by the first sensor 810.

First, FIG. 8a illustrates a case in which a value obtained by
subtracting the propagation distance of the indirect signal
from the propagation distance of the direct signal is smaller
than a pre-set reference value.

The above-mentioned reference value may refer to a dif-
ference between a direct signal and an indirect signal when an
obstacle is positioned on a boundary line between an area 830
including the front side of a first sensor 810 and an area 840
including a front side of a second sensor 820. Accordingly,
when the reference value is set in this manner, a determining
reference as to how to determine which area the obstacle is
positioned in between the area 830 including the front side of
the first sensor 810 and the area 840 including the front side of
the second sensor 820 may be provided.

Accordingly, as illustrated in FIG. 8a, when the value
obtained by subtracting the propagation distance of the indi-
rect signal from the propagation distance of the direct signal
is smaller than the reference value, the position determining
unit 330 may determine that the obstacle is positioned in the
area 830 including the front side of the first sensor 810. This
is because when the propagation distance of the direct signal
is shorter and when the propagation distance of the indirect
signal is longer, it means the first sensor 810 is positioned
more closely to the obstacle.

FIG. 8b illustrates a case where the value obtained by
subtracting the propagation distance of the indirect signal
from the propagation distance of the direct signal is larger
than the pre-set reference value.

In such a case, when the propagation distance of the indi-
rect signal is shorter and the propagation distance of the direct
signal is longer, it means that the obstacle is positioned more
closely to the second sensor 820. Thus, the position determin-
ing unit 330 may determine that the obstacle is positioned in
the area 840 including the front side of the second sensor 820.

In the foregoing, descriptions have been made on an
obstacle position determination apparatus 300 according to
an exemplary embodiment of the present invention which
may more correctly provide information for a position of an
obstacle by comparing the propagation distance of a direct
signal and the propagation distance of an indirect signal.

Hereinbelow, descriptions will be made on a parking assist
system according to another exemplary embodiment of the
present invention that performs a parking assist function
using the above-described principles.
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FIG. 9 is a block diagram illustrating a parking assist
system 900 according to another exemplary embodiment of
the present invention.

Referring to FIG. 9, according to another exemplary
embodiment of the present invention, a parking assist system
900 may include: at least two sensors 910 configured to send
signals at different positions and to receive reflected signals
when the signals are reflected from an obstacle; an obstacle
position determining unit 920 configured to determine a posi-
tion of the obstacle by comparing an propagation distance of
adirect signal which is sent from a first sensor which is one of
the at least two sensors 910 and received by the first sensor
and an propagation signal of an indirect signal which is sent
from a second sensor which is different from the first sensor
among the at least two sensors 910 and received by the first
sensor; and an obstacle position display unit 930 configured
to divide a region where the at least two sensors 910 send
signals into at least two areas and to display an alarm indicat-
ing that the obstacle exists in an area including the obstacle
position determined by the obstacle position determining unit
920 among the at least two areas.

The at least two sensors 910 illustrated in FIG. 9 may
perform all the functions of the at least two sensors 310
illustrated in FIG. 3.

Accordingly, the at least two sensors 910 illustrated in FIG.
9 may send signals at different positions only in a limited
solid angle range with an intensity which is equal to or higher
than a predetermined level.

In addition, in order to prevent reception of an unnecessary
signal, in some cases, the first sensor may be set such that the
first sensor is capable of receiving only a signal sent from an
signal adjacent to the first sensor as an indirect signal.

The obstacle position determining unit 920 may perform
all the functions performed by the propagation distance cal-
culation unit 320 and the position determining unit 330 illus-
trated in FIG. 3.

At this time, in order to ensure that the obstacle position
determining unit 920 may discriminate a direct signal and an
indirect signal, at least one of a signal sending timing, a signal
waveform, a signal frequency, and a kind of signal wave may
be differently set from sensor to sensor.

When the obstacle position determining unit 920 compares
the propagation distance of the direct signal and the propaga-
tion distance of the indirect signal, in some cases, the inten-
sities of the direct signal and the indirect signal may be
measured when they are received or the time intervals until
the signals are received after being sent may be measured in
order to calculate each of the values of the propagation dis-
tances.

In addition, in determining the position of the obstacle, the
obstacle position determining unit 920 may determine which
area the obstacle is positioned in among the two or more areas
divided by the obstacle position display unit 930 so at to
display the position of the obstacle.

As described above in the descriptions of the position
determining unit 330 illustrated in FIG. 3, when the indirect
signal is not received, the obstacle position determining unit
920 may determine that the obstacle is positioned in the area
including the front side of the first sensor that sent the direct
signal.

In addition, the obstacle position determining unit 920 may
set a value obtained by subtracting the propagation distance
of the indirect signal from the propagation distance of the
direct signal on the boundary between the area including the
front side of the first sensor and the area including the front
side of the second sensor among the above-described two or
more areas, as a reference value.
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When the value obtained by subtracting the propagation
signal of the indirect signal from the propagation distance of
the direct signal is smaller than the above-described reference
value, the obstacle position determining unit 920 determines
that the obstacle is positioned in the area including the front
side of the first sensor, and when the value obtained by sub-
tracting the propagation distance of the indirect signal from
the propagation distance of the direct signal is larger than the
above-described reference value, the obstacle position deter-
mining unit 920 may determine that the obstacle is positioned
in the area including the front side of the second sensor.

When the determination on the area where the obstacle is
positioned is performed by the obstacle position determining
unit 920, the obstacle position display unit 930 displays an
alarm indicating that the obstacle exists in the area including
the position of the obstacle determined by the obstacle posi-
tion determining unit 920 so that the driver can avoid the
obstacle.

In the method of displaying an alarm by the obstacle posi-
tion display unit 930, various exemplary embodiments may
exist.

As an example, as described above, a display screen of a
vehicle may be controlled by the obstacle position display
unit 930 such that the driver can confirm, through the display
screen, the area including the position of the obstacle when
the signal sending region of the at least two sensors 910 is
divided into two or more areas. In such a case, the display
method may indicate the area including the obstacle position
using a specific color or cause light to be flickered in such an
area so that the driver can recognize that the obstacle exists in
the displayed area. Of course, not only the information on the
screen but also an alarm sound may be output such that the
driver may rapidly recognize the obstacle due to the sound.

In displaying the alarm indicating that the obstacle exists in
the area including the position of the obstacle, the obstacle
position display unit 930 may vary an alarm display method
depending on the lengths of the propagation distance of the
direct signal and the propagation distance of the indirect
signal.

As an example, an alarm display method may be divided
such that as the propagation distance of the direct signal and
the propagation distance of the indirect signal are shorter, an
alarm of a higher level is displayed such that the driver can
recognize that a collision hazard is higher.

In this case, there may be various display methods to be
divided depending on levels. For example, when the area
including the position of the obstacle is displayed using a
color different from that of a surrounding area as described
above, the area may be displayed using different colors
depending on a level such that the driver can intuitively rec-
ognize the proximity of the obstacle. Alternatively, in a case
where light is flickered in the area where the obstacle is
positioned, the number of times to flicker perunit time may be
increased as the alarm level is increased such that the driver
can intuitively recognize the proximity of the obstacle. In
addition, a higher alarm sound may be emitted as the level is
increased.

In the foregoing descriptions, the examples in which the
obstacle position display unit 930 displays only the area
where the obstacle is positioned have been described but
exemplary embodiments are not limited thereto.

FIGS. 10a and 105 are views illustrating an example in
which an obstacle position display unit 930 of the parking
assist system 900 ofthe exemplary embodiment of the present
invention displays an alarm when an obstacle exists in an area
where the signal sending region of the first sensor and the
signal sending region of the second sensor overlap.
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Referring to FIGS. 10a and 1054, in displaying an alarm
indicating that an object exists in an area including the posi-
tion of the obstacle determined by the obstacle position deter-
mining unit 920, the obstacle position display unit 930 may
also display an alarm in a different alarm display method not
only in the area including the position of the obstacle but also
in the area adjacent thereto among the two or more areas
illustrated in FIG. 10, depending on the sizes of the propaga-
tion distance of the direct signal and the propagation distance
of the indirect signal.

More specifically, as illustrated in FIG. 104, when an
object exists adjacent to a boundary between an area includ-
ing a front side of a first sensor and an area including a front
side of a second sensor, the difference between the propaga-
tion distance of the direct signal and the propagation distance
of the indirect signal has a value close to the reference value.
When the difference between the propagation distances of the
direct signal and the indirect signal is close to the reference
value like this, alarms may be displayed on both of the area
including the front side of the first sensor and the area includ-
ing the front side of the second sensor as illustrated in the right
view of FIG. 10qa, in which the area including the position of
the actual obstacle may be displayed by an alarm of a higher
level. On the contrary, as illustrated in FIG. 105, when the
difference between the propagation distances of the direct
signal and the indirect signal is greatly different from the
reference value because the obstacle is spaced away from the
boundary between the area including the front side of the first
sensor and the area including the front side of the second
sensor, no alarm may be displayed or an alarm may be dis-
played at a level significantly lower than the area including
the position of the obstacle in the area which does not include
the position of the obstacle. When alarms are displayed in the
area including the position of the obstacle and the area adja-
cent thereto with reference to the difference between the
propagation distance of the direct signal and the propagation
distance of the indirect signal in different methods as
described above, the driver can intuitionally recognize more
correct information for the position of the obstacle.

In the forgoing, an obstacle position determination appa-
ratus 300 and a parking assist system 900 according to the
exemplary embodiments of the present invention have been
described. Hereinafter, descriptions will be made on a method
of determining a position of an obstacle by the obstacle posi-
tion determination apparatus 300 and a parking assist method
by the parking assist system, according to exemplary embodi-
ments of the present invention. Both of the method of deter-
mining a position of an obstacle to be described later by the
obstacle position determination apparatus 300 and a parking
assist method by the parking assist system, according to the
exemplary embodiments of the present invention may be
performed using the obstacle position determination appara-
tus 300 and parking assist system 900 according to the exem-
plary embodiments according to the present invention which
are illustrated in FIGS. 3 and 9.

FIG. 11 is a flowchart illustrating a method of determining
an obstacle position by an apparatus of determining obstacle
position 300 according to still another exemplary embodi-
ment of the present invention.

Referring to FIG. 11, according to still another exemplary
embodiment according to the present invention, a method of
determining a position of an obstacle by the obstacle position
determination apparatus 300 may include: sending signals at
different positions by at least two sensors 310 and when the
signals are reflected from an obstacle, receiving reflected
signals by the at least two sensors (S1110); calculating an
propagation distance of a direct signal which is sent from a

10

15

20

25

30

35

40

45

50

55

60

65

12

first sensor which is one of the at least two sensors 310 and
received by the first sensor, and an propagation distance of an
indirect signal which is sent from a second sensor which is
different from the first sensor among the at least two sensors
310 and received by the first sensor (S1120); and based on
results calculated in the calculating of the propagation dis-
tances (S1120), determining the position of the obstacle by
comparing the propagation distance of the direct signal and
the propagation distance of the indirect signal (S1130).

As described above with reference to FIG. 3, according to
the method of determining a position of an obstacle by the
obstacle position determination apparatus 300 according to
still another exemplary embodiment of the present invention,
a determination on the area where the obstacle is positioned
may be performed more correctly by comparing the propa-
gation distance of the direct signal and the propagation dis-
tance of the indirect signal.

FIG. 12 is a flowchart illustrating a parking assist method
by a parking assist system 900 according to yet another exem-
plary embodiment of the present invention.

The step of determining a position of an obstacle in the
parking assist method by the parking assist system 900 illus-
trated in FIG. 12 is similar to the step of determining a
position of an obstacle in the method of determining an
obstacle by the obstacle position determination apparatus 300
described above with reference to FIG. 11, and will be
described in more detail with reference to FIG. 12.

Referring to FIG. 12, according to yet another exemplary
embodiment of the present invention, a parking assist method
by the parking assist system 900 may include: sending signals
at different positions by at least two sensors 910 and when the
signals are reflected by an obstacle, receiving reflected sig-
nals by the at least two sensors 910 (S1210); determining a
position of the obstacle by comparing an propagation dis-
tance of a direct signal which is sent by a first sensor which is
one of the at least two sensors 910 and received by the first
sensor, and an propagation distance of an indirect signal
which is sent by a second sensor which is different from the
first sensor among the at least two sensors 910 (51220,
S1230); and dividing a region where the at least two sensors
910 send the signals into two or more areas to determine the
position of the obstacle, and displaying an alarm indicating
that the obstacle exists in an area including the position of the
obstacle which is determined in the determining of the posi-
tion of the obstacle among the two or more areas (S1220,
$1230) (S1240).

As described above with reference to FIG. 7, in determin-
ing the position of the obstacle (51220, S1230), when only the
direct signal is received as a reception signal, it may be
determined that the obstacle exists adjacent to the front area
of the sensor that sent the direct signal (S1220)

In addition, as described above with reference to FIG. 8, the
value obtained by subtracting the propagation distance of the
indirect signal from the propagation distance of the direct
signal and the pre-set reference value are compared with each
other. When the value obtained by subtracting the propaga-
tion distance of the indirect signal from the propagation dis-
tance of the direct signal is smaller than the pre-set reference
value, it may be determined that the obstacle exists adjacent to
the front area of the sensor that sent the direct signal (S1220)
and in the reverse case, it may be determined that the obstacle
exists adjacent to the front area of the sensor that sent indirect
signal (S1230).

At this time, the reference value may be set as a difference
value between the propagation distances of the direct signal
and the indirect signal when the obstacle is positioned on the
boundary between the area including the front side of the first
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sensor that sends the direct signal and the area including the
front side of the second sensor that sends the indirect signal as
described above with reference to FIG. 8.

As described above, according to the present invention,
because more correct information for a position of an obstacle
with reference to a difference between the propagation dis-
tances of the direct signal and the indirect signal can be
provided, it is possible to effectively avoid a collision against
the obstacle when parking a vehicle or driving a transporta-
tion vessel or the like.

Even ifitwas described above that all of the components of
an embodiment of the present invention are coupled as a
single unit or coupled to be operated as a single unit, the
present invention is not necessarily limited to such an
embodiment. At least two elements of all structural elements
may be selectively joined and operate without departing from
the scope of the present invention. Although the embodiments
of the present invention have been described for illustrative
purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, with-
out departing from the scope and spirit of the invention. The
scope of the present invention shall be construed on the basis
of the accompanying claims in such a manner that all of the
technical ideas included within the scope equivalent to the
claims belong to the present invention.

What is claimed is:

1. An apparatus of determining a position of an obstacle,
the apparatus comprising:

at least two sensors configured to transmit signals at dif-

ferent positions and receive reflected signals when the
transmitting signals are reflected from an obstacle;

an propagation distance calculation unit configured to cal-

culate an propagation distance of a direct signal which is
sent from a first sensor which is one of the at least two
sensors and received by the first sensor, and an propa-
gation distance of an indirect signal which is sent from a
second sensor which is different from the first sensor
among the two more sensors and received by the first
sensor; and

aposition determining unit configured to determine a posi-

tion of the obstacle by comparing the propagation dis-
tance of the direct signal and the propagation distance of
the indirect signal, based on a result calculated by the
propagation distance calculation unit.

2. The apparatus of claim 1, wherein the at least two sensors
respectively send the signals in arange of a limited solid angle
with an intensity equal to or higher than a predetermined
level.

3. The apparatus of claim 1, wherein at least one of a signal
sending timing, a signal waveform, a signal frequency, and a
kind of signal wave of a signal sent by each of the at least two
sensors is set differently from sensor to sensor so that the
direct signal and the indirect signal can be discriminated from
each other.

4. The apparatus of claim 3, wherein at least one of the
signal waveform, the signal frequency, and the kind of signal
wave of the signal sent by each of the at least two sensors is
different between two adjacent sensors of which the signal
sensing timings are adjacent to each other among the at least
two sensors.

5. The apparatus of claim 1, wherein the propagation dis-
tance calculation unit measures intensities of the direct signal
and the indirect signal and/or time intervals until the direct
signal and the indirect signal are received after being sent to
calculate the propagation distance of the direct signal and the
propagation distance of the indirect signal.
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6. The apparatus of claim 1, wherein the position determin-
ing unit divides the region where the at least two sensors send
the signals into two or more areas, and when no indirect signal
is received by the first sensor, the position determining unit
determines that the obstacle is positioned in an area including
a front side of the first sensor among the two or more areas.

7. The apparatus of claim 1, wherein the position determin-
ing unit divides the region where the at least two sensors send
the signals into two or more areas,

wherein the position determining unit sets a value obtained

by subtracting the propagation distance of the indirect
signal from the propagation distance of the direct signal
at a boundary between an area including a front side of
the first sensor and an area including a front side of the
second sensor among the two or more areas as a refer-
ence value, and

wherein, when the value obtained by subtracting the propa-

gation distance of the indirect signal from the propaga-
tion distance of the direct signal is smaller than the
reference value, the position determining unit deter-
mines that the obstacle is positioned in the area includ-
ing the front side of the first sensor, and when the value
obtained by subtracting the propagation distance of the
indirect signal from the propagation distance of the
direct signal is larger than the reference value, the posi-
tion determining unit determines that the obstacle is
positioned in the area including the front side of the
second sensor.

8. A parking assist system comprising:

at least two sensors configured to transmit signals at dif-

ferent positions and to receive reflected signals when the
transmitting signals are reflected from an obstacle;

an obstacle position determining unit configured to deter-

mine a position of the obstacle by comparing an propa-
gation distance of a direct signal which is sent from a
first sensor which is one of the at least two sensors and
received by the first sensor and an propagation signal of
an indirect signal which is sent from a second sensor
which is different from the first sensor among the at least
two sensors and received by the first sensor; and

an obstacle position display unit configured to divide a

region where the at least two sensors send signals into at
least two areas and to display an alarm indicating that the
obstacle exists in an area including the obstacle position
determined by the obstacle position determining unit
among the at least two areas.

9. The parking assist system of claim 8, wherein at least one
of a signal sending timing, a signal waveform, a signal fre-
quency, and a kind of signal wave of a signal sent by each of
the at least two sensors is set differently from sensor to sensor
so that the direct signal and the indirect signal can be dis-
criminated from each other.

10. The parking assist system of claim 8, wherein the
obstacle position determining unit compares intensities of the
direct signal and the indirect signal or measures time intervals
until the direct signals and the indirect signals are received
after being sent so as to compare the propagation distance of
the direct signal and the propagation signal of the indirect
signal.

11. The parking assist system of claim 8, wherein, when
only the direct signal is received by the first sensor among the
direct signal and the indirect signal, the obstacle position
determining unit determines that the obstacle is positioned in
an area including a front side of the first sensor among the two
or more areas.

12. The parking assist system of claim 8, wherein the
obstacle position determining unit sets a value obtained by
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subtracting the propagation distance of the indirect signal
from the propagation distance of the direct signal at a bound-
ary between an area including a front side of the first sensor
and an area including a front side of the second sensor among
the two or more areas as a reference value, and

wherein, when the value obtained by subtracting the propa-

gation distance of the indirect signal from the propaga-
tion distance of the direct signal is smaller than the
reference value, the obstacle position determining unit
determines that the obstacle is positioned in the area
including the front side of the first sensor, and when the
value obtained by subtracting the propagation distance
of the indirect signal from the propagation distance of
the direct signal is larger than the reference value, the
obstacle position determining unit determines that the
obstacle is positioned in the area including the front side
of the second sensor.

13. The parking assist system of claim 8, wherein the
obstacle position display unit displays the alarm in different
methods depending on the lengths of the propagation distance
of the direct signal and the propagation distance of the indi-
rect signal when displaying the alarm indicating that the
obstacle exists in the area including the position of the
obstacle.

14. The parking assist system of claim 8, wherein, when
displaying the alarm indicating that the obstacle exists in the
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area including the position of the obstacle determined by the
obstacle position determining unit, the obstacle position dis-
play unit displays an alarm for each of the area including the
position of the obstacle and the area adjacent to the area
including the position of the obstacle among the two or more
areas in different methods depending on sizes of the propa-
gation distance of the direct signal and the propagation dis-
tance of the indirect signal.
15. A method of determining a position of an obstacle, the
method comprising:
sending signals at different positions by at least two sensors
and when the signals are reflected from an obstacle,
receiving reflected signals by the at least two sensors;
calculating an propagation distance of a direct signal which
is sent from a first sensor which is one of the at least two
sensors and received by the first sensor, and an propa-
gation distance of an indirect signal which is sent from a
second sensor which is different from the first sensor
among the at least two sensors and received by the first
sensor; and
determining the position of the obstacle by comparing the
propagation distance of the direct signal and the propa-
gation distance of the indirect signal, based on a result
calculated in the calculating of the propagation dis-
tances.



